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METHODS AND APPARATUS FOR SELECTING BASEBAND FILTER 
PASSBAND FREQUENCY AND LOCAL OSCILLATOR FREQUENCIES 

Reference to Earlier Application 
This application is a continuation-in-part of U.S. 
5 Patent Application serial number 10/412,871, filed 

April 14, 2003, entitled "Integrated Multi-Tuner Satellite 
Receiver Architecture and Associated Method" by Ramin 
Khoini-Poorf ard and Andrew W. Krone. 

Technical Field of the Invention 
10 The present invention relates to receiver 

architectures for high frequency transmissions and more 
particularly to set -top box receiver architectures for 
satellite television communications. 

Background 

15 In general, an ideal receiver architecture for an 

integrated circuit from a bill-of -material point of view is 
usually a direct down conversion (DDC) architecture. 
However, in practice, there are several issues that often 
prohibit the practical design of integrated circuits using 

20 DDC architectures. These issues typically include DC 
offset voltage and l/f noise from baseband circuitry 
located on the integrated circuit. In mobile applications, 
such as with cellular phones, the DC offset voltage is a 
time varying entity which makes its cancellation a very 
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difficult task. In other applications where mobility is 
not a concern, such as with satellite receivers, the DC 
offset voltage can be stored and cancelled, such as through 
the use of external storage capacitors. However, 1/f noise 
5 is still an issue and often degrades CMOS satellite tuners 
that use DDC architecture. 

Conventional home satellite television systems utilize 
a fixed dish antenna to receive satellite communications. 
After receiving the satellite signal, the dish antenna 

10 circuitry sends a satellite spectrum signal to a satellite 
receiver or set-top box that is often located near a 
television through which the viewer desires to watch the 
satellite programming. This satellite receiver uses 
receive path circuitry to tune the program channel that was 

15 selected by the user. Throughout the world, the satellite 
channel spectrum sent to the set -top box is often 
structured to include 32 transponder channels between 950 
MHz and 2150 MHz with each transponder channel carrying a 
number of different program channels. Each transponder 

2 0 will typically transmit multiple program channels that are 
time-multiplexed on one carrier signal. Alternatively, the 
multiple program channels may be frequency multiplexed 
within the output of each transponder. The total number of 
received program channels considering all the transponders 

25 together is typically well over 300 program channels. 
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Conventional architectures for set-top box satellite 
receivers include low intermediate -frequency (IF) 
architectures and DDC architectures. Low- IF architectures 
utilize two mixing frequencies. The first mixing frequency 
5 is designed to be a variable frequency used to mix the 

selected satellite transponder channel to a pre-selected IF 
frequency close to DC, and the second mixing frequency is 
designed to be the low- IF frequency used to mix the 
satellite spectrum to DC. Direct down conversion (DDC) 

10 architectures utilize a single mixing frequency. This 
mixing frequency is designed to be a variable frequency 
that is used to mix the selected satellite transponder 
channel directly to DC. 

DDC architectures, however, suffer from disadvantages 

15 such as susceptibility to DC noise, 1/f noise and I/Q path 
imbalances. DDC architectures also often use narrow-band 
phase- lock- loop circuitry (PLLs) , which typically utilize 
LC-based voltage controlled oscillators (VCOs) . Low-IF 
architectures, like DDC architectures, also typically 

20 require the use of such narrow-band PLLs with LC-based 

VCOs. Such LC-based VCOs are often difficult to tune over 
wide frequency ranges and often are prone to magnetically 
pick up any magnetically radiated noise. In addition, 
interference problems arise because the center frequency 

2 5 for the selected transponder channel and the DDC mixing 
signal are typically at the same frequency or are very 
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close in frequency. To solve this interference problem, 
some systems have implemented receivers where the DDC 
mixing frequency is double (or half) of what the required 
frequency is, and at the mixer input, a divider (or 
doubler) translates the DDC mixing signal into the wanted 
frequency. Furthermore, where two tuners are desired on 
the same integrated circuit, two DDC receivers, as well as 
two low- IF receivers, will have a tendency to interfere 
with each other, and their VCOs also have a tendency to 
inter-lock into one another, particularly where the 
selected transponder channels for each tuner are close 
together. 

Another problem exists in satellite receivers 
regarding use of a baseband filter. As bandwidth of the 
baseband filter increases, the bandwidth problems of 
amplifiers or transconductors used in the filter makes 
design of the filter difficult. Similarly, the larger the 
bandwidth of the baseband filter, analog-to-digital (ADC) 
sampling rates may also be raised, making system design 
more difficult. Thus a need exists to avoid interference 
between multiple VCOs and a further need exists to reduce 
the passband width of a baseband filter of a receiver. 

Summary of the Invention 
In one embodiment, the present invention includes a 
method and apparatus to receive satellite signal spectrums 
and determine multiple local oscillator (LO) frequencies 



that do not interfere with each other. Further, in 
selecting one or more new LO's for new channels to be 
tuned, selected LO's for present channels need not be 
changed. Further, the LO frequencies may be selected to be 
outside of the signal band of a respective signal channel, 
yet the down- converted signal channel will be within the 
passband width of an associated baseband filter of the 
receiver. Also, the present invention includes methods to 
determine appropriate bandwidths for baseband filters and 
an LO step frequency between different LO frequencies. 

Brief Description of the Drawings 
It is noted that the appended drawings illustrate only 
exemplary embodiments of the invention and are, therefore, 
not to be considered limiting of its scope, for the 
15 invention may admit to other equally effective embodiments. 

FIG. 1A is a block diagram for an example satellite 
set -top box environment within which the receiver 
architecture of the present invention could be utilized. 

FIG. IB is a block diagram for example satellite set- 
2 0 top box circuitry that may include a receiver architecture 
according to the present invention. 

FIG. 1C is a block diagram of basic receiver 
architecture according to the present invention utilizing a 
large-step local oscillator. 
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FIG. 2A is a diagram of an example channel spectrum 
signal having LO frequency selection regions in accordance 
with one embodiment of the present invention. 

FIG. 2B is a diagram of an example channel spectrum 
5 signal having LO frequency selection regions in accordance 
with a second embodiment of the present invention. 

FIG. 2C is a diagram of an example channel spectrum 
signal having a third signal channel with a worst case 
selection of LO frequencies. 
10 FIG. 2D is a diagram of an example channel spectrum 

signal having a third signal channel with a selection of LO 
frequency in- accordance with, one embodiment of the present 
invention. 

FIG. 3A is a flow diagram of a method for selecting a 
15 LO frequency in accordance with one embodiment of the 
present invention. 

FIG. 3B is a flow diagram of a method for selecting a 
LO frequency in accordance with a second embodiment of the 
present invention . 
20 FIG. 3C is a flow diagram of a method for selecting a 

LO frequency in accordance with a third embodiment of the 
present invention. 

FIG. 3D is a flow diagram of a method for selecting a 
LO frequency in accordance with a fourth embodiment of the 
25 present invention. 
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FIG. 4 is an example embodiment for the basic receiver 
architecture using a wide-band analog- to-digital converter 
and a narrow band tunable bandpass analog- to-digital 
converter , respect ively . 
5 FIG. 5 is a block diagram for a two receiver 

architecture located on a single integrated circuit in 
accordance with one embodiment of the present invention. 

FIG. 6 is a block diagram for a four receiver 
architecture located on a single integrated circuit in 
10 accordance with one embodiment of the present invention. 



Detailed Description 
The present invention provides single and multi -tuner 
receiver architectures and associated methods to provide 

15 initial analog course tuning of desired channels within a 
received signal spectrum. Also, the present invention 
provides algorithms to determine suitable bandwidths for a 
baseband filter of the receiver, a local oscillator (LO) 
step frequency, and other parameters to be used in 

2 0 selecting LO frequencies for use in down mixing an incoming 
signal spectrum. 

In the description below, the signal spectrum is 
primarily described with respect to a satellite transponder 
channel spectrum; however, embodiments of the present 

25 invention may be used with other channel signal spectrums 
utilized by other systems, if desired. 
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FIG. 1A is a block diagram for an example satellite 
set -top box environment 17 0 within which the receiver or 
tuner architecture 100 of the present invention could be 
utilized. In the embodiment depicted, a satellite set-top 
box 172 receives an input signal spectrum from satellite 
dish antenna circuitry 171. The satellite set-top box 172 
processes this signal spectrum in part utilizing the 
receiver/tuner circuitry 100. The output from the 
satellite set-top box 172 is then provided to a television, 
a videocassette recorder (VCR) or other device as 
represented by the TV/VCR block 174. 

FIG. IB is a block diagram for example circuitry for a 
satellite set -top box 172 that could include the receiver 
architecture 100 of the present invention. The input 
signal spectrum 107 can be, for example, 32 transponder 
channels between 950 MHz and 2150 MHz with each transponder 
channel carrying a number of different program channels. 
This signal spectrum 107 can be processed by the 
receiver/tuner 100 to provide digital baseband output 
signals 112 that represent a tuned transponder channel. 
These output signals 112 can then be processed by a 
demodulator 180 that can tune one of the program channels 
within the tuned transponder channel . The output signal 
181 from the demodulator, which represents a tuned program 
channel within the transponder channel that was tuned by 
the receiver/tuner 100, can then be processed with a 
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forward error correction decoder 182 to produce a digital 
output stream. This digital output stream is typically the 
data stream that is stored by personal video recorders 
(PVRs) for later use and viewing by a user, as represented 
5 by the PVR output stream 188. The output of the decoder 
182, or the stored PVR data as represented by PVR input 
stream 192, can then be processed by video/audio processing 
circuitry 184 that can include processing circuitry such as 
an MPEG decoder. The output of the processing circuitry 

10 184 is typically the digital video data stream that 

represents the program channel and is used for picture- in- 
picture (PnP) operations, for example, where the set-top 
box circuitry 172 includes two tuners with one tuner 
providing the primary viewing feed and a second tuner 

15 providing the PnP viewing feed. The output of the 

processing circuitry 184, as well as a PnP input stream 194 
from a second tuner if a second tuner is being utilized for 
PnP operations, can be processed by a video/audio 
controller 186 to generate a video output signal 176 that 

2 0 can subsequently be utilized, for example, with a TV or 
VCR. Additional tuners could also be used, if desired. 

FIG. 1C is a block diagram of basic receiver 
architecture 100 according to the present invention 
utilizing a large-step LO circuitry 106. Input signal 107, 

25 for example from a satellite dish antenna or other source, 
is received and passed through a low noise automatic-gain 
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amplifier (LNA) 105. In the embodiments described herein, 
it is assumed that the input signal 107 is a signal 
spectrum that includes multiple channels, such as a 
satellite television signals that includes 32 transponder 
5 channels between the frequencies of 950 MHz and 2150 MHz. 
The output signal 108 from LNA 105 is initially tuned with 
analog coarse tune circuitry 102 utilizing a LO mixing 
frequency (f L o) provided by large-step LO circuitry 106. 
The large-step LO circuitry 106 also receives a coarse 

10 channel selection signal 162. 

As discussed below, signal 162 may be determined based 
on a desired passband of a baseband filter and 
consideration of avoidance of noise and interference from 
LO circuitry associated with other receivers. The 

15 resulting coarsely tuned signal 110 is then subjected to 
digital fine tune circuitry 104 utilizing the center 
frequency (f C H) 114 (also referred to herein as n f signal") for 
the desired channel to produce digital baseband signals 
112. The digital fine tune circuitry 104 may include an 

20 analog- to-digital converter (ADC) and a baseband filter. 

In certain embodiments, coarse tune circuitry 102 may 
include two mixers to generate an output Q signal that is 
offset by a phase shift of 90 degrees from an output I 
signal. To provide these two signals, a LO mixing 

25 frequency (f L o) and a dual divide -by- two and quadrature 

shifter (-^2/90°) may be used. In other embodiments, other 
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manners of frequency division, such as a divide-by- four 
operation, may be used. Also, no frequency division may be 
used in other embodiments such that the LO mixing frequency 
(fLo) 116 is directly used to down mix I and Q signals. 

The large-step local oscillator 106 may generate a 
mixing signal at one of a plurality of predetermined 
frequencies. The output LO frequency is selected based 
upon the channel within the spectrum that is desired to be 
tuned. The output LO frequencies can be organized and 
uniformly or non-unif ormly spaced as desired. As one 
example, the output LO frequencies can be a fixed bandwidth 
--apart from each other and, can. span the entire input channel 
spectrum signal 108. The local oscillator mixing frequency 
(f L0 ) 116 may be generated using phase -lock- loop (PLL) 
circuitry, in one embodiment. In such an embodiment, a 
voltage controlled oscillator (VCO) , such as an LC-tank 
oscillator or an RC-based oscillator may be used. 

In various embodiments, a baseband filter's passband 
and LO step frequency (i.e., a step frequency between 
candidate LO frequencies) for two or more satellite tuners 
may be selected to acquire the required signals, to 
eliminate the effects of 1/f noise and DC offset voltage, 
to avoid cross talk of the VCOs used in the large step LO 
circuitry 106, to avoid the harmonic of one VCO affecting 
other VCOs, and to cancel input signal channel frequency 
errors . 
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Referring now to FIG. 2A, shown is a diagram of an 
example satellite signal spectrum in accordance with one 
embodiment of the present invention. As shown in FIG. 2A, 
satellite spectrum 108 includes a first signal channel 200 
5 that is within a first frequency region 210 (i.e., 

frequency region B) . Frequency region 210 is surrounded by 
two adjacent frequency regions, namely frequency region A 
220 and frequency region C 215. As will be discussed 
further below, frequency region A 22 0 and frequency region 

10 C 215 may be used as LO frequency selection regions, and 
one or both of these regions may include a LO frequency 
that is to be used to downmix _f irst signal channel 200 to a 
frequency near DC. 

As shown in FIG. 2A, first signal channel 200 has a 

15 bandwidth smaller than the bandwidth of frequency region 

210. This is because frequency region 210 includes a pair 
of offset frequencies 205 (i.e., f noise-offset) that may be 
used to offset a LO frequency from one of regions A and C 
to avoid l/f noise and DC offset voltage noise. As shown 

20 in FIG. 2A, frequency region B 210 has a bandwidth equal to 
f w , which is the frequency width of the signal channel, 
taking into account noise offset regions 205. In various 
embodiments, the value of offset regions 2 05 may vary. In 
certain embodiments, offset regions 205 may be between 

25 approximately 8 and 10 MHz, although the scope of the 
present invention is not so limited. 
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Similarly, shown in FIG. 2A, a passband width f B of a 
baseband filter which may be used to filter the downmixed 
signal may be equal to the width of region B 210 (i.e., f w ) 
and either one of regions A 220 or region C 215. Thus, it 
is desired that a LO frequency used to downmix signal 
channel 200 be located within region A 220 or region C 215 
so that information contained in signal channel 200 is 
obtained without information loss. 

That is, if there is no LO frequency located in 
regions A or C, the LO frequency will either: (1) locate in 
region B, which causes a loss of information; (2) or locate 
outside of regions A and C,. which makes the signal 
frequency locate outside of the passband of the filter and 
causes that part of the signal to be attenuated. As seen 
in FIG. 2A, the width of regions A, B and C totally is 2f B - 
f w , and the width of regions A or C are same: f B -f w . For a 
given f B and a LO step frequency (f L o-step) / a smaller f w makes 
regions A and C wider, and makes the number of LO 
frequencies in regions A and C larger. 

In a continuous frequency band with a channel width of 
f, the smallest possible number (N s ) of LO frequencies and 
the largest possible number (Ni) of LO frequencies have the 
following relationship : 

f = N 8 • f^ aU9 + df , N 2 = itf s + 1, 0 < df < f^ step (EQ1) . 

Table 1 below shows the smallest passband frequency 
(f B ) of a baseband filter for a given Ns AC/ f w # and f L o-ste P / 
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where m is any possible positive integer. As discussed 
above, a smaller f B is desired to improve receiver 
performance and simplify design. 



Table 1 



Ns AC 


1 


2 


3 


4 


5 


f B -fw- 

f noise-off set 


f L0- step — 

dffw/2 


f LO-step 


2 f LO-step 

dffw/2 


2 f LO-step 


3fLO- s tep - 

df fw /2 


Best f B -f w 


1/2 f LO-step 


f LO-step 


3/2 f LO-step 


2 f LO-step 


5/2 f LO-step 


Best 


fw/m 


n/a 


fw/m 


n/ a 


fw/m 


f LO-step 













From Table 1 , the expression for f B is: 

w ( xf 3Ac+1 + 1 

^ * 4 + Woff-t + "Y" • 4>- a ** + +1 • ^lO-step " C^) (EQ2) 

# where Ns AC is the smallest number of LO frequencies in 
regions A and C. 

Referring now to FIG. 2B, shown is an example 
satellite signal spectrum showing a crosstalk region in 
accordance with an embodiment of the present invention. 
Such an embodiment may be, for example, a two tuner 
receiver. As shown in FIG. 2B, satellite spectrum 108 
includes a first frequency region B 210 that includes a 
second signal channel 2 00 with a center frequency of f s i g nai2 
that is desired to be tuned by a receiver. Note that for 
simplicity, in FIG. 2B the noise-offset regions 205 of FIG. 
2A are not shown, however, it is to be understood that such 
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regions may be present to prevent noise in a desired 
channel signal, and it is understood that f w may include 
these offset regions. 

As shown in FIG. 2B, a first LO frequency (f Lo i) is 
5 present in second signal channel 200. When the second 

signal channel 200 is desired to be acquired, a second LO 
frequency (f^) may be selected. In various embodiments, 
the second LO frequency should be separated from the first 
LO frequency (f L oi) by at least an amount equal to f separate to 

10 avoid crosstalk between the two VCOs for the two LO 

frequencies. As shown in FIG. 2B, a crosstalk region 23 0 
may be equal to two times f separate- While, the width of a 
crosstalk region may vary, in certain embodiments such a 
crosstalk region may be between approximately 60-70 MHz 

15 wide, although the scope of the present invention is not so 
limited. If the second LO frequency is selected from 
within crosstalk region 230, crosstalk may occur between 
the two VCOs. Accordingly, in various embodiments the 
second LO frequency may be selected from region 225 or 

2 0 region 218, which are subregions within region A 22 0 and 

region C 215, respectively, that exist outside of crosstalk 
region 230. 

In certain embodiments, the crosstalk problem may be 
resolved by setting fLo-step larger than f S e P arate such that 
25 there is no crosstalk, regardless of which LO frequency is 
chosen. In other embodiments, fu)-step may be made smaller 
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and the number Ns A c made larger to avoid crosstalk. 
Normally, a smaller fLo-step may cause a smaller filter 
bandwidth and ADC sampling frequency, which make circuit 
design easier. A larger f L o-step may be selected only when a 
5 smaller fLo- s te P does not make the filter bandwidth and ADC 
sampling frequency smaller, in certain embodiments. 

If f L o-ste P is selected to be larger than f separate/ two 
situations may exist: (1) the second signal can use the LO 
of the first channel (e.g., using a MUX); and (2) the 

10 second signal does not use the first channel LO (i.e., no 
MUX is used) . In various embodiments, it may be desirable 
to avoid use of a MUX in- such. a two, tuner receiver. 

For the first situation to avoid a worst case in which 
fsignai is as far away as possible from the nearest LO 

15 frequency not in the second channel, fi^-step ma Y ke set to ^ e 
slightly larger so f L o-ste P times some integer is larger than 
f W/ so that there is at least one LO frequency available in 
region A or C . Then from Table 1, where Ns AC =l, f B may be 
determined. 

20 For the second situation, Ns A c=l cannot be selected, 

otherwise there may be only one LO frequency for the second 
signal, and if this frequency is the same as the LO 
frequency for the first signal channel, there is no choice 
for the second signal. So Ns A c =2 is selected, and from 

25 Table 1, the smallest f B is: 

f s * f separate +4 (EQ3) . 
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In embodiments where fLo-step is smaller than f separate/ 
there are two situations that may occur. First, the 
crosstalk region of the first LO covers all or part of one 
of the two LO selection regions (i.e., region A or region 
5 C) of a second signal channel; second, the crosstalk area 
covers part of both regions A and C. (The crosstalk area 
cannot cover all of regions A and C, otherwise there would 
be no LO frequency choice for the second channel . ) 

For the first situation, the LO frequencies in one of 
10 the two LO selection regions (region A or region C) cannot 
be used. Since there is at least one LO frequency to be 
used for the second channel, Ns A c is at least 2. From Table 
1, another limitation for f B is: 

f B * f^O-step + 4 (EQ4) . 

15 The second situation occurs when f separate > fw/2, 

otherwise, the crosstalk area cannot cover part of both 
region A and region C. The LO frequency that can be used 
for a second signal and is nearest to f S i gn ai2/ and which 
should be Nl sep arate • fi^o-step away from f LO i. In this case, f B 

20 is : 

f B * ^separate # ^LO-step + 4 / 2 " \f signal2 ~ f m \ (EQ5) 

where |jf signaI2 - f wl \ > 0 . So the worst case is |f signai2 - f wl \ = 0 , and 
f B is: 

f B * ^separate # f W-step +4/2 (EQ6) . 
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Since Nl separate • f^ Btep = f separate occurs only when f sep arate 
is some integer times f L o-ste P / the equality is valid. 
Selecting fLo-step such that fseparate is an integer multiple of 
fbo-step can therefore make f B smaller. 
5 Comparing Equation 3 with Equation 4 and Equation 6, 

fi^-step < fseparate may make f b smaller and thus no MUX is 
needed for Equation 4 and Equation 6. Thus for a two tuner 
system, fi^-step < fseparate is used, and no MUX is needed in 
any such case . 

10 In designing a multi-tuner receiver having more than 

two tuners (and therefore more than 2 LO frequencies are 
desired) y crosstalk between the VCOs- may be -avoided in 
similar fashion to the two VCO embodiment discussed above. 
In certain embodiments, two situations may be present: (1) 

15 one LO frequency can be used for several signal channels; 
and (2) one LO frequency can be used only for one signal 
channel . 

In the first situation, suppose there are N TV 
channels that potentially may be tuned using an N tuner 

2 0 receiver. According to the first situation, one LO 

frequency may be used for several of the N signal channels. 
In such an embodiment, for fbo-step larger than fseparate/ 
crosstalk issues are not applicable and one LO frequency 
may be used for several channels. Then, there are no 

25 limits on the LO selection. Accordingly, Ns AC may be 

selected to be equal to one. Then using Table 1 above, the 
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appropriate f B may be obtained. As discussed above, a 
smaller f L o-ste P may make fb smaller (or better) . 

For a three tuner receiver, now consider f L o-ste P < 
f separate where a MUX is used. If N=3, the worst case for f B 
5 is the case of the largest distance between the first two 
LO frequencies when the LO frequency for the third channel 
must be selected from one of these two LO frequencies, for 
which f B >f w +f separate • Referring now to FIG. 2C, shown is a 
diagram of a signal spectrum that may occur in a three 

10 tuner receiver in a worst case situation where a second LO 
frequency is not carefully selected. As shown in FIG. 2C, 
a third signal channel- 250 has a. width of f w . Further shown 
in FIG. 2C is a first local oscillator frequency (f L oi) 
having a crosstalk region (i.e., crosstalk region 1) 260 

15 and a second LO frequency (f L 02) having a crosstalk region 
(i.e., crosstalk region 2) 270. 

Fortunately, this worst case may be eliminated by 
first carefully selecting the second LO frequency (f L o2) • 
Referring now to FIG. 2C, if the second signal channel is 

2 0 on the right side of the f L0 2 frequency, then another LO with 
a larger frequency may be chosen; then there are more LO 
choices between the first two LO's. If it is on the left 
side of f L02 / since f L o-ste P is smaller than f separate/ another 
choice is available between these two worst case LO's for 

2 5 the second LO. Thus the new distance between the first two 
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LO's with no LO available for the third signal gets 
smaller. 

Referring now to FIG. 2D, shown is a diagram of a 
satellite signal spectrum for a three channel tuner in 
5 accordance with an embodiment of the present invention. As 
shown in FIG. 2D, the second LO frequency may be carefully 
selected to eliminate the worst case as shown above in FIG. 
2C. Accordingly, as shown in FIG. 2D, a second LO 
frequency may be selected to be about f w +f sep arate away from 
10 fioi. 

At this case, 

. fB>fw/2+(Nl S eparate+Nlf w )-fio-step/2>fw+l/2f separate [EQ 6.1] 

where Nl sepa rate is the largest number of possible LO 
frequencies located in a frequency region of f separate- Thus 

15 the worst case for the third LO frequency may be eliminated 
by choosing f^ carefully. Normally, the value of Equation 
6.1 is smaller than F w + f separate -df w /2 (from Table 1), so 
fu)-step < f separate may be selected. 

For the situation where no MUX is used, and f L o-step >= 

2 0 f separate/ the worst case is that three signals may be present 
at the exact same frequency, which means there must be 3 
LO's in region A and region C. From Table 1, we get 

- dfw , 

f B > fw + 2 fseparate — (EQ7) . 

When f L o-ste P <f separate/ the worst case is the same as the worst 
25 case when one LO can be used for several channels, except 
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the third LO cannot select one of the first two LO's, which 
is shown in FIG. 2D. Thus, the third LO must be f separate 
apart from f LO i or 1^2 • Thus: 

f B > ^ + (3Nl separate + Nl fu ) . (EQ8) . 

5 Normally, (EQ8) < (EQ7) so f L o-ste P < f separate can make f B 
smaller (better) , and thus f L o-ste P < f separate is used. 

From the above analysis, for N=2, f B can get fw/2 
smaller (or better) when f L o-step < fseparate is chosen instead 
of f L o-ste P >= fseparate- For N=3 , f B can get better for f L o-ste P 
10 < fseparate/ but at some special case, f B is the same for f L0 - 

step < fseparate and fLO-step >= r fseparate- 

When N > 4 and f L o-ste P ^ fseparate/ fB may be the same 
(i.e., no worse) as f B when f L0 < fseparate- In such manner, 
when using a MUX, f B may be chosen using Ns AC = 1 in Table 1 

15 (meaning there is only one available LO in regions A and 
C) . Thus when a first signal channel is received, its 
available LO may be chosen from its available LO ' s (i.e., 
one or two available LO's). When the next signal channel 
is received, if its available LO is the same as an earlier 

20 signal's LO, that LO may be multiplexed to the new signal 
channel. Otherwise, the available LO for that channel may 
be used. 

In certain embodiments when N > 4 and f L o-ste P ^ fseparate 
and no MUX is available, f B may be chosen using Ns AC = N in 
2 5 Table 1 (meaning there are N LO frequencies available in 
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regions A and C) . In such manner, when a first signal is 
received, one of its N available LO's is chosen. When a 
next channel is received, its LO is chosen to be a 
frequency not occupied by the earlier signal. 

Because of a frequency error of the LO in a low noise 
blockdown converter (LNB) of a satellite receiver, there is 
some error for the center frequency (f signal) of the signal 
channel. Since tuning methods in accordance with 
embodiments of the present invention are related to the 
center frequency of the signal channel, this error may 
affect tuning. There are two ways to eliminate this error. 
First, the error may be considered, in the frequency for 1/f 
noise and DC offset, which makes this frequency larger, and 
thus may make the passband frequency of baseband filter 
larger. Second, after this error is known, the channel is 
re- tuned using the error. In certain embodiments, this may 
be preferable, because only a first acquired channel need 
be re-tuned, and re-tuning when watching TV is not 
necessary, as the error may be saved in a storage medium of 
the system (e.g., a nonvolatile memory or the like). Then, 
when the TV is turned on, this error may be automatically 
used to correct the center frequency of the signal channel. 

In various embodiments, a harmonic of one VCO near the 
frequency of a second VCO may be avoided in like manner to 
avoiding VCO crosstalk. That is, if one VCO's harmonic 
frequency is near another VCO, some crosstalk may occur. 
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The area of harmonic frequency which causes crosstalk may 
simply be treated as another crosstalk region. Normally, 
this crosstalk region affects LO frequency selection only 
when the two used LO frequencies are close to one another, 
5 and one is from a VCO frequency divided by 4, and the other 
is from another VCO frequency divided by two. Since this 
harmonic crosstalk area is much smaller than the original 
crosstalk region, if the original crosstalk region is 
considered in LO frequency selection, this harmonic 

10 crosstalk area is covered automatically. 

Another issue is that when one LO frequency derived 
from a VCO frequency divided by four and this VCO frequency 
divided by two is still located in the signal channel 
(i.e., there are at least two crosstalk regions for one LO 

15 frequency) . Fortunately, these two crosstalk regions are 
at least 0.9 GHz apart, and only one of them affects LO 
frequency selection. When the LO frequency is selected, 
only the crosstalk region affecting the selection should be 
considered. 

20 By now, all analysis for selecting a baseband filter's 

passband frequency and LO step frequency has been 
described. Table 2 below provides the best choices for a 
filter's passband frequency by carefully choosing LO step 
frequencies for a given number of tuners (N) , and number of 

2 5 LO's for a given VCO. 
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Table 2 



# 

of 
Tun 

ers 


# of 

LO'S 
for 
one 
VCO 


f B expression 


Best fLO-step 


Best f B 


Condition 


N=l 


1 


4 + f LO-step ~ ( df fw) 1 2 


4 / ffl 


4 ~*~ 4o-step 1 2 


m as larger 
as possible 


N=2 


1 

and 
2 


1 2 + ^separate * ^ID-step 




^separate + 4 1 2 


4 < 2 * ^separate 


4 ^LO-step 


as small as 
possible 


4 ^L0-step 


4 ^ 2 # f se?3arate 


N=3 


Sev- 
eral 


4/2 + CM OTCe + Nl^) • f w _ step / 2 


^ / nSL and 

- f separate! ^ 


4 + 4eparate 1 2 


n/a 


1 


(4 + (3 • AL.,. + WZfi.) • 4>- st J / 2 

» »v * separate xw ' Lu—szsp 


4 / ml. and 

f separate 1 


4 + 3 # Separate / 2 


n/a 


N>4 


Sev- 
eral 


4 + f LO- St ep ~ dfw/2 


4^>arate 


4 4eparate / 2 


n/a 


N>4 
ev- 
en 


1 


N 

% 2 * 10 -step 


"^separate 


ff 2 * separate 


n/a 


N>4 
odd 


1 




4 / inland 

Separate / 7712 


4 2 # separate 


n/a 



When fnoise-offset for l/f noise and DC offset is considered, 
all f w 's in Table 2 may be replaced by f w + 2f noise-offset , and 

5 the resulting f B minus fnoise-offset is the final passband 
frequency of the filter. 
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Thus in various embodiments, in designing a multi- 
tuner receiver a baseband filter's passband frequency and 
LO step frequency may be selected to make the best choice 
for an unavoidable worst case condition for a given number 
5 of tuners present in the receiver. 

Embodiments of the present invention may also 
implement a LO tuning algorithm that essentially tries to 
find the best choice for a given condition. The 
considerations behind the algorithm are: (1) to avoid l/f 

10 noise and DC offset, the LO frequency should be at some 
distance away from the signal channel; and (2) the 
performance of the baseband filter requires the LO 
frequency to be as near as possible to the signal channel 
to make group delay and passband attenuation smaller. 

15 Based on these considerations, an algorithm in 

accordance with an embodiment of the present invention may 
make the center frequency of the signal channel (i.e., 
f signal) at the middle of the passband of the filter. To 
make this possible, any given signal channel may be 

2 0 considered as the widest channel for the signal spectrum, 
and the LO frequency may be selected accordingly. If 

^2 = ^signal # ^ID-step + ^signal i 4 / 2 = NS ^/2 # W + <* ^ (EQ9) 

where fww is the frequency width of the widest signal 
channel Let : 

25 Ns channel = N Sfm/2 ,df channel = d^- (EQ10) 
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Then, the LO frequency should satisfy the following 
equations : 

f W * Signal ~ 4, / 2 = Ofe^ - NS^J • + (df^ - df^J (EQ11) 

^LO — ^signal + + (EQ12) 

5 Since df s i gna i-df channel may be larger or smaller than 

zero, and df S ignai+df channel niay be larger or smaller than f L0 - 
s tep/ four possible LO frequencies, Ns sig nai-Ns C hannei-l / Ns s i gn ai- 

Ns c hannel/ NS s ignal -NS channe i + l , and Ns si g na i -Ns ch annel + 2 , may be 

selected for the first incoming signal channel or un-affect 
10 a second channel by the crosstalk region of the first LO 

frequency. The conditions for the LO frequencies are shown 
in Table 3 . 



Table 3 



N L0 


Conditions 




df channel signal 


df channel +df signal ~ f LO-step 


df signal" f LO-step/ 2 


NS signal -NS channel - 1 


>0 


>0 


<o 


NS signal -NS channel 


< = 0 


<0 


< = 0 


<0 


>0 


>0 


NS signal +NS channel + 1 


<0 


<0 


>=0 


>=0 


<0 


<0 


NS S i gna i +NS channel + 2 


>0 


>0 


>0 



15 For a second TV signal channel, three situations may 

exist: (1) no effect by the crosstalk region of the first 
LO frequency; (2) the crosstalk region affects possible LO 
frequencies on one side of the second signal channel; and 
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(3) the crosstalk region affects all possible LO 
frequencies on both sides of the second signal channel . A 
flag may be used to show which side of the signal channel 
is affected by the crosstalk region of first LO frequency; 
5 if the flag is positive, then the left side of the signal 
channel is affected; if the flag is negative; the right 
side of the signal channel is affected, although the scope 
of the present invention is not so limited. Ns AC and df C hannei 
may be redefined when both sides of the signal channel are 

10 affected, as shown in Table 4. The possible LO frequencies 
for the second signal channel and the conditions for the 

■ - frequencies are shown in Table 5. 



Table 4 



Condition 


no effect on the first 
LO 


affecting one side 


affecting both sides 


Expression 


%**n -4ol^ ^Wate + 4* / 2 


|-*signai2 ~ ^£01 |~ ^separate *~ %m 1 2 


|^igna!2 ~~ 4oi ^ Separate " 4w 


df channel 


d(f m / 2) 


d(f m 1 2) 


disparate ~~ |^signaJ2 ~~ ^£01 1) 


NS channel 






Ns , , 

^separate {Signal 2 ^L0l\^ 


flag 


n/a 


f signal! ~ ^LOl 


^-signal! ~ ^LOl 



15 The conditions for the signal channel tuning algorithm for 
a second signal channel which is affected by a first LO 
frequency is shown in Table 5 below: 

Table 5 
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Nlo 


Conditions 


Ns s ig n al-NSchannel- 1 


flag <0 and df signal < df charmel 


NS s ig na i -NS c hcinnel 


flag <0 and df channel < df signal 


NSsignal+NSchannel + 1 


flag >0 and df channel < f„. BUp - df signal 


NSsignai+NSchannel + 2 


flag >0 and f w . 3tep - df Bignal < df channel 



Referring now to FIG. 3A, shown is a flow diagram of a 
method for tuning a satellite receiver in accordance with 
one embodiment of the present invention. Specifically, 
FIG. 3A shows a method 300 that may be used to tune a first 
5 signal channel desired by a user of . a satellite receiver 
that has two tuners. As shown in FIG. 3A, method 300 may 
begin by receiving a selection signal for a first signal 
channel (block 305) . Such a selection signal may be 
received from a user who desires to watch a given TV 
10 channel. 

A first LO frequency may be selected that is outside 
of the first signal channel (block 310) . By selecting the 
first LO frequency to be outside of the first signal 
channel, the first LO frequency may be used as a mixing 
15 signal to provide down conversion of the first signal 

channel to a frequency range around DC. A resulting tuned 
analog signal may then be subjected to digital fine tuning, 
for example, using digital fine tune circuitry 104 of FIG. 
1C. 
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In various embodiments, the first LO frequency may be 
selected to be further outside of the first signal channel 
by at least a first amount f noise-offset to avoid the effects 
of l/f noise and DC offset errors. 
5 Still referring to FIG. 3A, it may later be desired by 

a user of the satellite receiver to concurrently tune into 
a second signal channel, for example, for use with PnP, 
DVR, or the like. In such an embodiment, a selection 
signal may be received for the second signal channel (block 

10 315) . A second LO frequency may then be selected for the 
second signal channel that is outside of the second signal 
channel and that also- does not -interfere with the first LO 
frequency (block 320) . That is, the second LO frequency 
should be selected such that the VCO that generates the 

15 second LO frequency does not interfere with the VCO that 
generates the first LO frequency. 

Referring now to FIG. 3B, shown is a flow diagram of a 
method for tuning a second signal channel in a satellite 
receiver in accordance with an embodiment of the present 

20 invention. FIG. 3B may be used in selecting LO frequencies 
for a two tuner receiver, and further details how to select 
the second LO frequency to avoid interference with the 
first LO frequency. As shown in FIG. 3B, method 325 begins 
by receiving a selection signal for a second signal channel 

25 (block 330) . 
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It may be determined whether the second signal channel 
is near the first signal channel (diamond 335) . In this 
embodiment, "near" means that the two signal channels are 
close enough in frequency that undesired interference may 
5 occur if a LO frequency is not carefully selected. For 
example, two signal channels may be near each other if 
fseparate for the first LO frequency extends into either LO 
frequency selection region of a second signal channel. 
While what is considered to be near a given signal may vary 
10 in different embodiments, in certain embodiments, a second 
channel may be considered to be near a first channel if is 
within between approximately 50. MHz and 80 MHz of the first 
channel . 

If it is determined that the second signal channel is 
15 not near the first signal channel, the second LO frequency 
may be selected from available LO frequencies for the 
second signal channel (block 340) . For example, in such 
instance the second LO frequency may be selected from 
either of a first and second LO selection region 
20 surrounding the second signal channel. 

If instead it is determined that the second signal 
channel is near the first signal channel, the second LO 
frequency must be selected carefully so as to avoid 
interference between the two VCOs . As shown in FIG. 3B, 
25 the second LO frequency may be chosen from the LO frequency 
selection regions for the second channel and further be 
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chosen such that it is outside the crosstalk region of the 
first LO (block 350) . In such manner, the second LO 
frequency will not interfere with the first LO frequency, 
i.e., the two VCOs generating the LO frequencies do not 
5 create crosstalk. 

Referring now to FIG. 3C, shown is a flow diagram of a 
method for selecting a LO frequencies for second and third 
signal channels in accordance with an embodiment of the 
present invention for use with a three tuner satellite 

10 receiver. For example, such a receiver may be a three 
tuner system without multiplexers. 

-As shown in FIG.. 3.C,.. method . 360 begins by receiving a 
selection signal for a second signal channel (block 361) . 
While not shown in FIG. 3C, it is to be understood that 

15 prior to selection of a second signal channel, a first 

signal channel has been tuned using a first LO frequency. 
Then the second LO frequency may be carefully selected 
(block 362) . More specifically, the second LO frequency 
may be selected to both avoid interference with an existing 

20 first LO frequency and further be carefully selected such 
that it is at least a predetermined distance away from the 
first LO frequency. In such manner, corner cases and a 
worst case scenario, as discussed above with regard to FIG. 
2C may be avoided. Specifically, in various embodiments, 

25 the second LO frequency may be selected to avoid certain LO 
frequencies, namely those that are NL fse parate + Nl fw + 1 to 
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Nlfseparate + Nsf w + NLf separate^ lo- step away from the f irst LO 
frequency. In such manner, a worst case situation may be 
avoided if a third signal channel is desired to be used in 
the three tuner receiver system. 
5 Then a selection signal for a third signal channel is 

received (block 3 65) . Next it may be determined whether 
the third signal channel is near either of the first or 
second signal channels (diamond 370) . As discussed above, 
in this instance near means whether it is close enough in 

10 frequency that undesired interference may occur if a LO 
frequency is not carefully selected (e.g., if f sep arate for 
either of the pending channels extends into a LO selection 
region for the third signal channel) . 

If the third signal channel is not near either the 

15 first or second signal channels, the third LO frequency may 
be selected from the available LO frequencies for the third 
signal channel (block 375) . That is, if the third signal 
channel is far enough away from both of the first and 
second channels, the third LO frequency may be selected 

2 0 from either of a first or second LO frequency selection 

region for the third signal channel . \ 

Alternately, if it is determined that the third signal 
channel is near one or both of the signal channels, it may 
then be determined whether the third signal channel is 

25 between the first and second signal LO frequencies (diamond 
380) . If the third signal channel is not in between the 
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two existing LO frequencies, the third LO frequency may be 
carefully selected to avoid interference with the first or 
second LO frequencies and be a predetermined distance away 
from the first or second LO frequencies (block 385) . 
5 If instead the third signal channel is between the LO 

frequencies for the first and second channels, the third 
signal channel may choose an available LO frequency that is 
apart from the first and second LO frequencies by at least 
f separate (block 3 90) . In alternate embodiments, for example, 

10 where multiplexers are present in a receiver having 
multiple tuners (e.g., a three tuner system), a LO 
frequency for the third channel may_ be multiplexed from one 
of the first or second LO frequencies. 

While discussed herein, for example, for a two tuner 

15 system, receiving a first selection signal for a first 

channel, a second selection signal for a second channel and 
so forth, it is to be understood that in other embodiments 
a first signal may be received and a first channel tuned, 
then a second channel tuned. However, the first channel 

20 may then be turned off, and at a later time a third channel 
may be desired to be tuned. In such embodiments, the LO 
frequency for the third channel may be selected in light of 
the existing second channel but not the original first 
channel that is no longer being tuned. Further, all 

25 parameters relating to the second channel may be maintained 
unchanged while tuning the third signal channel. 
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Referring now to FIG. 3D, shown is a flow diagram of a 
method for selecting LO frequencies for four or more signal 
channels. As shown in FIG. 3D, method 391 begins by- 
receiving selection signal for the N signal channels (block 
5 3 92) . The LO frequency for the first signal channel may be 
selected to be outside of that signal channel (block 393) . 
As discussed above, this frequency may also be selected to 
be outside of a noise-offset region surrounding the first 
LO frequency. Next, the LO frequency for the N+l signal 

10 channel may be selected to be outside of that signal 

channel (and also outside of a noise-offset region thereof) 
(block 3 94) . - For -example, -f Lo-step may be greater than 
f separate such that additional signal channels may select a LO 
frequency that does not interfere with an existing LO 

15 frequency. Otherwise, one of the earlier LO frequencies 

may be selected and multiplexed for the N+l signal channel. 
Next, it may be determined whether additional signal 
channels are desired (diamond 3 95) . If so, N is set equal 
to N+l (block 396) and control returns to block 394. 

2 0 Such methods may improve the performance and 

efficiency of a receiver architecture by providing multiple 
LO frequencies and helping to resolve multiple channels 
whose frequencies are relatively close to each other. 

It is often desirable to include two or more receivers 

25 in a single integrated circuit and to reduce the frequency 
range within which the digital fine tune circuitry 104 must 
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operate. Also, as discussed above, it is advantageous to 
increase the frequency step between LO frequencies (f L o-step) 
so that adjacent LO frequencies from two or more separate 
receivers in an integrated multi -tuner satellite receiver 
5 are far enough apart to avoid interference with each other. 
However, it is also advantageous to reduce fi^-step to reduce 
the frequency range within which the digital fine tune 
circuitry 104 must operate and to relax the design 
specifications for the digital fine tune circuitry 104, 

10 including, for example, low pass filter (LPF) circuitry and 
analog- to-digital conversion (ADC) circuitry. Thus, in 
certain embodiments, a frequency step between 5 and 50 MHz 
may be selected as a f L o-step/ and in one particular 
embodiment, a f L o-ste P of 10 MHz may be selected. Other 

15 frequency steps may be reasonable choices when considering 
the trade-off between minimizing the frequency step while 
still keeping adjacent LO frequencies separated to avoid 
interference. Of course, other frequency steps or 
configurations may be chosen depending upon the particular 

2 0 design requirements involved. 

FIG. 4 is an example implementation for a basic 
receiver architecture using a wide-band ADC for the digital 
fine tune circuitry 104. In particular, embodiment 400 of 
FIG. 4 utilizes a wide-band ADC 402 that receives coarsely 

25 tuned signal 110 and provides a digital output to a tunable 
digital filter 404, which in turn outputs the digital 
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baseband signals 112. For fine tuning the desired channel 
within the signal 110, the tunable digital filter 404 
utilizes a variable frequency (f v ) 406 generated, for 
example, by a numerically controlled oscillator (NCO) 408 
5 that in turn receives the center frequency (f C H) 114 for the 
desired channel . 

By fine tuning the coarsely tuned channel spectrum, 
the receiver 4 00 does not mix the desired channel down to a 
fixed target IF frequency and then mix the desired channel 

10 to DC. Rather, this implementation uses the analog coarse 
tune circuitry 102 to mix the desired channel down to a 
variable location within a frequency range, around DC, and 
then digital conversion and digital filtering is performed 
directly on this coarsely tuned channel spectrum. 

15 FIG. 5 is a block diagram of an embodiment 500 for a 

two receiver architecture located on a single integrated 
circuit. In general, this embodiment 500 duplicates the 
circuitry of FIG. 1C to produce a dual receiver 
architecture. The first receiver includes analog coarse 

20 tune circuitry 102A, large-step LOl circuitry 106A (which 

outputs a first LO mixing frequency (f LO i)116A), and digital 
fine tune circuitry 104A (which receives a first center " 
frequency (fern) 114A for a first desired channel to be 
tuned) . As discussed above, the first receiver coarsely 

25 tunes the input channel spectrum 108A to produce the 

intermediate coarsely tuned channel signal 110A and then 
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digitally processes this signal to finely tune the channel 
and to produce digital baseband signals for the first tuner 
output 112A. Similarly, the second receiver includes 
analog coarse tune circuitry 102B, large-step L02 circuitry 
5 106B (which outputs a second LO mixing frequency 

(f L02) H6B) , and digital fine tune circuitry 104B (which 
receives a second center frequency (f C H2) 114B for a second 
desired channel to be tuned) . The second receiver coarsely 
tunes the input channel spectrum 108AB to produce the 

10 intermediate coarsely tuned channel signal HOB and then 

digitally processes this signal to finely tune the channel 
• to produce digital baseband signals for the second tuner 
output 112B. By using embodiments of the present 
invention, LO frequencies for the two tuners may be 

15 selected to avoid interference, precluding the need for a 
multiplexer. 

The architecture of the present invention may be 
utilized to integrate additional receivers within a single 
integrated circuit. For example, if four tuners were 

20 utilized, additional receiver circuitry could be integrated 
with that shown in FIG. 5 to provide additional analog 
coarse tuning circuitry, digital fine tuning circuitry and 
LO circuitry for a third receiver and additional analog 
coarse tuning circuitry, digital fine tuning circuitry and 

25 LO circuitry for a fourth receiver. As discussed above, a 
variety of selection techniques could be implemented for 
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the LO frequencies provided by the different LO circuitries 
with respect to the multiple receivers such that 
interfering overlaps of the LO mixing frequencies could be 
avoided. 

5 Referring now to FIG. 6, shown is a block diagram of a 

satellite receiver in accordance with an embodiment of the 
present invention with four recievers. As shown in FIG. 6, 
the receiver 600 includes four tuners 600a-600d. For 
simplicity, first tuner 600a and fourth tuner 600d are 

10 shown in detail, and second tuner 600b and third tuner 600c 
are shown as blocks. However, it is to be understood that 
. - each of. the four tuners shown in FIG. 6 may include similar 
tuning circuitry to that shown in first tuner 600a and 
fourth tuner 60 0d. 

15 As shown in FIG. 6, each tuner includes its own large 

step LO circuitry 606 that may be used to generate a LO 
frequency. In accordance with an embodiment of the present 
invention, each of the large step LO circuitries 606a-d may 
be coupled to a multiplexer 620a-d (i.e., MUX 1-4). 

2 0 Multiplexers 62 0a-d may receive control signals (not shown 
in FIG. 6) from a large step LO circuitry 606 or another 
location in satellite receiver 600 so that it may select an 
appropriate one of the LO frequencies for use in the given 
tuner. For example, multiplexers 62 0a-d may be used to 

2 5 select, for example a LO frequency generated by large step 
LO circuitry 606a for use in multiple tuners. 



While not shown in FIG. 6, it is to be understood that 
large step circuitry 606 or another location in satellite 
receiver 450 may receive information regarding presently 
existing signal channels and LO frequencies used therein, 
5 which may be used by an algorithm discussed above to 

determine a LO frequency for an additional signal channel. 

Furthermore, in certain embodiments, various 
parameters may be determined ahead of time for a satellite 
receiver, for example, during design, development and/or 

10 initial programming thereof. Such parameters may be stored 
in a nonvolatile memory in satellite receiver 600. Such 
parameters may include., in certain embodiments a bandwidth 
of a widest signal channel within a signal spectrum (i.e., 
fww) / a step frequency (i.e., fLo-step) / and a separation 

15 frequency to avoid crosstalk (i.e., f separation) . In such 
embodiments, using these parameters, in addition to the 
known frequency and LO frequency of a first signal channel 
and frequency of a desired second signal channel, a LO 
frequency for the second channel may be determined that 

20 does not interfere with the LO frequency of the first 
channel. Similarly, additional signal channels may be 
acquired using additional LO frequencies or a present LO 
frequency to similarly avoid interference. 

Thus in various embodiments having any number of 

25 tuners within a receiver, 1/f noise and DC offset noise may 
be eliminated, crosstalk between VCO's may be avoided, and 
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an input signal frequency error (i.e., an LNB error) may be 
canceled. Further in embodiments having two tuners, no MUX 
is needed, which simplifies system design, and avoids the 
harmonic of one VCO affecting another VCO. 
5 While the present invention has been described with 

respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
claims cover all such modifications and variations as fall 
10 within the true spirit and scope of this present invention. 
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